Summary: Extra-corporeal shock wave lithotripsy (ESWL) has proved to be a revolutionary advance in the treatment ofrenal stone disease. It, itself, is non-invasive but may necessitate or be used as an adjunct to more invasive auxiliary procedures. The basic principles of lithotripsy, the clinical experience thus far and probable future applications are discussed.
Introduction
The incidence of upper urinary tract disease is usually expressed as the number of cases seen in a hospital per 100,000 admissions to the hospital.' Recent work suggests that the best estimate ofthe incidence of renal stone in England and Wales is 28 per 100,000.2 A random population survey in Scotland reveals a prevalence rate of 3.4%3 and with no difference in stone prevalence between males and females3 as distinct from treated stone patients. In other countries epidemiological studies suggest even higher figures. Yet despite diligent search for alternative methods, open surgery had been the treatment of choice for renal stone until 1980. True, chemotherapy had been tried but this was restricted to uric acid calculi and in any event had proved less than successful. Direct contact between ultrasound or electrohydraulic shock waves proved effective but was limited in application to the lower urinary tract as the closest approximation between stone and energy source was desirable.
In 1963 Dorier, the West German manufacturing company, undertook an extensive research programme on the shock waves generated by rain drops falling on the wings of their fighter aircraft during high-velocity flight. They were also actively investigating the effects of micro-meteorite impacts on the walls of orbiting spacecraft. This research showed that the shock waves produced by both these phenomena were of high amplitude and were propagated to a large extent according to the known physical laws of wave transmission in both solids and fluids. In comprehensive scientific research programme to pioneer a shock wave apparatus for the treatment of renal calculi. The shock waves would be generated outside the body, focussed on the renal calculus and would act as a sufficiently disrupting force to permit the passage of the debris down the ureter and into the bladder.
Physical principles
In the Dornier system, shock waves are generated underwater by the spark discharge of a high voltage condenser. This condenser discharge lasts one microsecond and causes the explosive c aporation of water which in turn expands rapidly and generates shock waves. The waves are focussed by placing the electrode in the geometric focus of an elipsoidal reflector. The geometrical properties of the reflector mean that an expanding shock wave initiated at one of its focal points will be focussed after reflection at its second focal point (Figure 1 ). This is the point of highest energy density and the patient's stone must be brought to lie at this point ( Figure 2 (Figure 5 ).
Development has also progressed along an entirely different line. Here kidney stone fragmentation is based on the physical properties of high energy pulses generated and radiated from a dish fitted with a mosaic of piezo elements (Figures 6 and 7) . This There is no disfiguring scar and a transient bruising of the skin (Figure 8) 
